We determined characteristics of nest trees and surrounding habitats used by northern flying squirrels (Glaucomys sabrinus) in subboreal forests of northwestern British Columbia during winters 1996-1997 and 1997-1998. Nineteen radiocollared flying squirrels (12 males, 7 females) were located in 82 daytime nests. Animals used an average of 5.6 nest trees (Ϯ0.5 SE; range, 3-10) per animal. Core nest areas used by flying squirrels averaged 2.74 Ϯ 0.62 ha in size; areas were more variable for males (range, 0.86-8.58 ha) than females (range, 0.03-2.23 ha). Nest trees were highly variable, suggesting that animals select more for suitable nest sites than for tree size: diameter at breast height was 16.7-79.0 cm, age was 42-174 years, and height was 11.2-32.7 m. A significant proportion of nest trees, however, were larger, older, and taller than trees that were randomly available in the locale of nest trees. Variation in habitats used by flying squirrels in the subboreal spruce (Picea) zone of British Columbia is evidence of the ability of this animal to occupy a wide range of conditions in a region that is not typified by old-growth forests.
The northern flying squirrel (Glaucomys sabrinus) occupies forested ecosystems across North America from Alaska and much of Canada to as far south as northern California in the west and North Carolina in the east (Wells-Gosling and Heaney 1984) . Relatively few ecological studies have been conducted on this species because of its nocturnal and arboreal habits and small mass (about 150 g). As a cavity nester that is generally mycophagous, the northern flying squirrel has been considered a habitat specialist, dependent on old coniferous forests for shelter and food. In the northwestern part of its range, the species forages extensively on highly digestible mushrooms and supplements its diet with arboreal lichens when mushrooms are unavailable (Hall 1991; Laurance and Reynolds 1984; Maser et al. 1986; Zabel and * Correspondent: parker@unbc.ca Waters 1997) . Consequently, northern flying squirrels potentially play a key role in maintenance of forest health by dispersing spores of mycorrhizal mushrooms (e.g., Rhizopogon) and fragments of arboreal lichens (e.g., Bryoria-Carey et al. 1999; Fogel and Trappe 1978; Hayward and Rosentreter 1994) . Most recent attention has focused on their role as the main prey species of the endangered spotted owl (Strix occidentalis caurina) in the Pacific Northwest of the United States (Carey et al. 1997; Martin 1994) .
Small changes in forest structure may have significant impact on habitat specialists. The extent of old-growth habitat specialization by northern flying squirrels in western coastal forests has been called into question recently by studies showing that the species is capable of subsisting in second-growth forests (Carey 1995; Martin 1994; Rosenberg and Anthony 1992) . Nonetheless, populations of northern flying squirrels have declined in the southeastern United States because of loss of forested habitat (Urban 1988) . A similar trend has been observed for the ecologically similar eastern flying squirrel (Pteromys volans) in Finland (Hokkanen et al. 1982; Mönkkönen et al. 1997) . In boreal ecosystems, very little is known about specific habitat requirements of northern flying squirrels. Only 2 northern studies have been reported: 1 in the boreal forests near Fairbanks, Alaska (Mowrey and Zasada 1984) , and the other in mixed-wood forests of Alberta (McDonald 1995) . There is a need for detailed research focusing on habitat requirements in areas not characterized by old-growth forests and during winter months, which are the most energetically stressful times of year for small mammals in northern regions.
To better understand habitat requirements during critical winter months, we investigated size of the core nest areas and characteristics of nest sites used by northern flying squirrels during winter in northwestern British Columbia. Our objectives were to determine the number of nest trees used per animal, identify structural attributes of nest trees and compare those features with randomly selected locations, quantify frequency of use of specific nest trees within the core nest areas by animals in winter, and examine distribution of nest trees among forest ecosystem types and seral stages of the study area.
MATERIALS AND METHODS
Study area.-Our study was conducted at 2 sites in northwestern British Columbia: the Smithers site, where most data collection occurred, and the Houston site, which was used to complement our sample size during the 1st field season when trapping success for flying squirrels was low at the Smithers site. The Smithers site was located in the Smithers Community Forest (54Њ43ЈN, 127Њ15ЈW), 10 km west of Smithers, British Columbia. The Houston site (54Њ27ЈN, 126Њ49ЈW) near Houston, British Columbia was about 26 km southeast of the Smithers site. Both sites are in the subboreal spruce biogeoclimatic zone (Pojar et al. 1987) .
The Smithers Community Forest, about 4,620 ha, experienced fire disturbance in the 1930s and 1940s and has pockets of old-growth stands and mature trees scattered throughout younger stands. The study area was located on the lower slopes of Hudson Bay Mountain, with an average elevation of 850 m above mean sea level. Dominant species are hybrid white spruce (Picea engelmannii ϫ glauca), subalpine fir (Abies lasiocarpa), lodgepole pine (Pinus contorta), and some trembling aspen (Populus tremuloides) and cottonwood (Populus balsamifera). The Houston site, at an average elevation of 585 m, has a similar disturbance history and plant species composition, with the addition of paper birch (Betula papyrifera). The site was surrounded by extensive clearcuts produced in the last 20 years. Witches' broom rusts (Chrysomyxa) were found on conifers at both sites.
Field methods.-Flying squirrels were captured using live traps (Tomahawk Live Trap, Model 201, Tomahawk, Wisconsin) in September and October 1996 and August and September 1997. Polyethylene stuffing was placed inside traps to provide thermal protection. Traps were covered with dark plastic garbage bags and mounted on trees about 1.5 m above and horizontal to the ground surface. Traps were baited with a mixture of peanut butter and rolled oats and were set at dusk and checked at dawn to minimize capture of nontarget species (e.g., red squirrels, Tamiasciurus hudsonicus, and martens, Martes americana). At the Houston site, we established 90 traps in 3 trapping grids with 50-m spacing. At the Smithers site, we set 156 traps along 7.5 km of an existing trail system, placing a trap on either side of the trail at about 50-m intervals.
Captured flying squirrels were transferred from the trap to a cloth and nylon-mesh handling cone. We anesthetized individual animals in a 4-l glass jar by wetting a gauze pad with isoflurane (Aerrane, Ohmeda Pharmaceutical Products, Mississauga, Ontario, Canada) and placing it in the bottom of the jar. An animal was kept in the handling cone for the sedation process so that it could be removed from the jar periodically to ensure adequate oxygen intake. Induction time was 5-45 min; recovery time was 5-20 min. Flying squirrels were weighed, sex and age were determined (using a combination of mass and pelage coloration to determine juvenile or adult age class -Davis 1963) , and ear tags were applied (Monel No. 2, National Band and Tag Company, Newport, Kentucky). They were then fitted with temperature-sensitive radiocollars (Model PD-2CT, Hollohill Systems, Ltd., Woodlawn, Ontario, Canada) weighing about 3 g. We located flying squirrels in nest trees during the day using a Lotek receiver (Model SRX-400'A', Lotek Engineering, Inc., Newmarket, Ontario, Canada) equipped with a visual display of signal strength, which we used to distinguish the nest tree from other trees surrounding it. Animals were monitored 1-3 times weekly until mortality or loss of signal (2-6 months). Three animals located in a remote area of the Houston site were located only 3 or 4 times monthly after the 1st snowfall. The field season in 1996 was from September 1996 to March 1997; the field season in 1997 was from August 1997 to February 1998.
For each nest tree, we collected the following measurements: when and how often the site was used; tree species and, when possible, nest type (cavity, witches' broom, or a constructed nest, i.e., dray); tree height, measured with a clinometer, and nest height, if visible; tree diameter at breast height (dbh); tree age, using an increment borer; and Universal Transverse Mercator (UTM) coordinates, using a handheld base station-correctable global positioning system (GPS) unit (March II, Corvallis Microtechnology, Inc., Corvallis, Oregon). We differentially corrected UTM coordinates using the PC-GPS software (Version 2.50a, Corvallis Microtechnology). We measured canopy closure of overstory using both a concave spherical densiometer (Forest Densiometers, Bartlesville, Oklahoma) and a coverscope (Moosehorn CoverScope, Medford, Oregon). Four densiometer readings of overstory cover, taken about 1 m away from the nest tree facing cardinal directions, and 16 Moosehorn readings, taken at the same radius with 22.5Њ spacing between readings, were averaged for each nest site (Bunnell and Vales 1990; Cook et al. 1995) ; all readings were taken by the same observer. Wildlife tree classification, as defined by the British Columbia Ministry of Forests (British Columbia Ministry of Forests 1998; Guy and Manning 1994; Thomas 1979) , was determined for each nest tree. That classification system rated 5 characteristics of the tree on a relative scale: visual appearance, crown condition, bark retention, wood condition (determined by examining the tree core extracted by the increment borer for decay), and lichen loading. The latter was estimated using the British Columbia Ministry of Forests Photographic Field Guide (Armleder et al. 1992) , which rates abundance of lichens (Bryoria and Alectoria) on the lower 4.5 m of the tree, although we based our evaluation on a generalized overall rating for the entire tree. We used that guide to provide 4 relative classes of abundance: low (Յ5 g of lichens/4.5 m of tree bole), moderate (5-50 g of lichens/4.5 m), high (50-250 g of lichens/4.5 m), and very high (250-625 g of lichens/4.5 m). We also determined a wildlife habitat value (high, medium, or low) for each nest tree, using a combination of species longevity, site position, decay value (based on the visual appearance rating for the wildlife tree classification), dbh, and tree height (Guy and Manning 1994) .
Habitat characteristics around nest trees were measured during summer following each winter field season using nested plots of 5.6 and 10.6 m (Carey and Johnson 1995) , with the nest tree at the center of each plot. Within the 10.6-mradius plot, we recorded overall tree density (trees with dbh Ͼ7.5 cm), live-tree and snag densities, species composition of trees and dominant overstory species, abundance of arboreal lichens on each tree (using the same method as for nest trees), number of witches' brooms and visible cavities, and number of fallen trees (using 2 size classes of Ͼ7.5 cm dbh and Ͻ7.5 cm dbh). In the 5.6-m-radius plot, we measured density and species composition of saplings (Ͼ2 m tall, Ͻ7.5 cm dbh), understory cover (estimated visually in 3 classes: 0-10%, 10-50%, 50-100%), and dominant understory, midstory, and herb species. The biogeoclimatic ecosystem classification (Pojar et al. 1987 ) at each nest site was determined using the British Columbia Ministry of Forests Field Guide for the Prince Rupert Forest Region (Banner et al. 1993) . That classification system was based on the soil moisture and nutrient regime, slope position, and vegetative species composition of the site. In addition, ecosystem mapping, which classified the area based on seral stage (related to stand structure), seral association (corresponding to successional status), and site units (describing climax potential), had been conducted at the Smithers site (MacKenzie and Banner 1991). The classi-fication of each mapped unit (polygon) was based on differences in vegetative structure and composition and on landscape position. Seral stages were reported as shrub-herb, pole-sapling (10-30 years following disturbance), young-mature (young: 30-80 years; mature: 80ϩ years after stand disturbance), and old growth (150-250ϩ years old). Site descriptions of polygons were coded relative to gradients in soil moisture and nutrient regimes and have since been replaced by the above biogeoclimatic ecosystem classifications. To make both methods directly comparable, we determined an ecosystem type for each site description and biogeoclimatic ecosystem classification using 5 moisture and nutrient regimes (dry, mesic, mesic-wet, wet, and forested wetland).
We sampled 3 random sites for each nest tree. An initial bearing was randomly selected; the other 2 bearings were 90Њ and 180Њ from the first. A distance between 22 and 50 m was selected randomly for each bearing; 22 m was the required minimum to avoid overlapping of plots, and 50 m was set to limit sampling to an area in close proximity to the nest tree and readily accessible to an animal when selecting its nest site (Mowrey and Zasada 1984) . At each random location, we designated the closest tree (with dbh Ͼ7.5 cm) as the random nest tree and the center of the nested plots for that sample. All measurements of tree and habitat characteristics were conducted as for nest trees, with the exception that Moosehorn coverscope readings were not taken at random nest trees.
Statistical analyses.-An ␣ level of 0.05 was assumed for all analyses. Unless otherwise stated, all means are presented as Ϯ SE. We used analysis of variance (ANOVA-Sokal and Rohlf 1995) to determine whether there were differences in number of nest trees used by flying squirrels between sites, years (to accommodate changes in habitat productivity), and sexes; sex was nested within either site or year. We limited our analysis to habitual nest trees, defined as trees in which an animal was located more than once. To determine if number of nests used by flying squirrels declined over time in response to increasing energetic demands of winter, we used a repeated measures ANOVA (Sokal and Rohlf 1995) to test for differences in the number of nests used per month among months and between years, sexes, and seasons (early winter, October-December; late winter, January-February). Only animals for which we had data spanning those 5 months were included (n ϭ 7), and differences between sexes were examined within the same year (1997; 3 males, 2 females). We used correlation analyses (Moore and McCabe 1993) to examine relationships between number of nest trees used per animal and either number of times an animal was located or duration of time over which observations for that animal occurred. Animals located Ͻ10 times (n ϭ 4) were excluded from analyses of number of nest trees, from calculations of the minimum and maximum distance between nest trees (computed using the PC-GPS software), and from calculations of the core nest area. Core nest areas, defined as the area enclosed by an individual's nest trees, were calculated using CALHOME (Kie et al. 1996) . We used the 100% utilization distribution of the minimum convex polygon method (Jennrich and Turner 1969) because this method has the fewest assumptions related to how the area between nest trees was used by animals. Because data on core nest areas were not distributed normally and could not be transformed successfully, a Wald-Wolfowitz runs test (Siegel 1956 ), which includes an adjustment for small sample sizes, was used to test for differences between distributions of core nest areas of males and females. Levene's test for homogeneity of variances (Milliken and Johnson 1984) was used to test for differences in variance between core nest areas of males and females. We used correlation analyses to examine relationships between size of core nest areas and duration of time that animals were monitored or number of nest trees used per animal. Spatial distribution of nest trees used by aggregating animals and frequency of nest tree use were inspected visually.
To determine whether flying squirrels selected specific structural attributes for nesting, we divided several variables into classes to examine average percentage of observations per animal in each class. Nest trees were divided into 7 dbh classes (10-cm increments), 7 age classes (20-year intervals), and 5 height classes (10-m increments). We used Student's paired t-tests (Moore and McCabe 1993) to compare each structural attribute (dbh, age, height, and canopy closure) of each nest tree by animal to the average of its randomly sampled trees. We used 1-tailed analyses for all attributes except canopy closure because we hypothesized that flying FIG. 1.-Average number of nest trees (Ϯ SE) used monthly during early winter (October-December) and late winter (January-February) by 7 northern flying squirrels in northwestern British Columbia. squirrels select significantly larger, older, and taller trees for nesting. To determine frequency of occurrences in which each animal selected larger, older, or taller trees, we calculated the proportion of nest trees, by animal, that were larger than the average of associated random samples for each structural attribute. The average proportion across animals was compared (1-tailed Student's t-test) to a null hypothesis of 0.5, which would be expected if nest trees were selected at random, with the given attributes having no effect on nest-tree selection. Habitat characteristics around nest trees were compared with random locations using analyses similar to those for attributes of the nest tree: paired t-tests (2-tailed) and proportional differences. One animal was excluded from those analyses because it used only 2 nest trees, both of which were shared with another flying squirrel. A paired ttest compared densiometer and Moosehorn readings at each nest tree. We conducted Pearson chi-square ( 2 ) contingency analyses (Everitt 1977) of frequency data to determine whether species composition of nest trees deviated from randomly sampled trees by site and whether the biogeoclimatic ecosystem classification differed between nest trees and random sites or between classifications determined on site at nest trees and those obtained from polygon descriptions on the ecosystem map of the Smithers Community Forest. Descriptive statistics, t-tests, correlations, tests of normality, nonparametric tests, and all graphical representations were completed using STATISTICA (StatSoft, Inc. 1997) .
RESULTS
Nest use.-Nineteen northern flying squirrels (12 males, 7 females) were radiocollared and monitored over the 2 field seasons. We located animals 568 times in 82 daytime nest trees. Squirrels used an average of 5.6 Ϯ 0.5 nest trees/animal (range, 3-10 trees). When occasional nest trees, defined as trees in which an animal was located only once, were removed from the data set, average number of nest trees used habitually per animal was 3.8 Ϯ 0.4. There were no differences in number of habitual nest trees per animal between sites, years, or sexes (all P Ͼ 0.182). As determined by repeated measures ANOVA, number of nest trees used per month did not differ among months or between years or sexes ( Fig. 1 ). There was a trend for the number of trees used per month in early winter to be higher than in late winter for the 7 animals that were alive throughout the 5-month winter period (F ϭ 4.89, d.f. ϭ 1, 6, P ϭ 0.069).
On 280 occasions, individual flying squirrels were relocated on consecutive days. For 92% of those observations, animals stayed in the same nest tree the 2nd day. For the remaining observations, where animals moved to a new nest tree, average distance moved was 163.2 Ϯ 21.9 m but ranged from 7.5 to 362.7 m. There was no correlation between number of nest trees located per animal and number of observations per animal (r ϭ 0.55, P ϭ 0.058) or time span over which observations occurred (r ϭ 0.26, P ϭ 0.394).
Core nest areas.-Core nest areas used by flying squirrels averaged 2.74 Ϯ 0.62 ha. Distribution of sizes of core nest areas differed between males and females (adjusted Z ϭ 2.072, P ϭ 0.038). Males used a wider range of sizes (0.86-8.58 ha) than did females (0.03-2.23 ha) and had a higher variance (F ϭ 11.181, d.f. ϭ 1, 13, P ϭ 0.005). Size of core nest areas was not correlated with length of time an animal was monitored (r ϭ 0.28, P ϭ 0.320, n ϭ 15) but was correlated positively with number of nest trees used by the animal (r ϭ 0.58, P ϭ 0.022, n ϭ 15). When 2 males whose core nest areas contained large sections that were not used by the animals (1 animal moved to a new area and the other core nest area contained a road) were removed from the analysis, the relationship was even stronger (r ϭ 0.75, P ϭ 0.003, n ϭ 13). The smallest distance between nest trees in the core nest area for each animal averaged 60.1 Ϯ 15.5 m (range, 7.5-203.3 m); maximum distance between nest trees averaged 361.2 Ϯ 42.7 m (range, 78.4-751.4 m). Average maximum distance between nest trees was larger for males (435.7 Ϯ 51.1 m) than for females (249.5 Ϯ 48.0 m; t ϭ 2.51, d.f. ϭ 13, P ϭ 0.026).
Spatial and temporal use of nest trees varied among individual animals. Some used predominantly 1 or 2 nest trees in their core nest areas (Fig. 2A) ; others used several trees relatively uniformly throughout the field season (Fig. 2B) . Use of individual nest trees ranged from 1.2% to 85.5% of the total number of locations for an animal in its core nest area. Overlap in core nest areas occurred when 2 radiocollared animals used the same nest tree but at different times. That situation occurred twice, once with a tree used by animals in different years and once during the same winter season. Overlap in core nest areas also occurred in the case of aggregating animals (Cotton 1999) . In those instances, 2 or 3 radiocollared animals shared 3 or 4 nest trees for 1-2 months.
Habitat characteristics.-Characteristics of nest trees were variable: dbh ranged from 16.7 to 79.0 cm (33.3 cm Ϯ 13.3 SD), age from 42 to 174 years (83.2 Ϯ 22.7 years), and tree height from 11.2 to 32.7 m (22.2 Ϯ 4.7 m). Most nest trees used by each animal were 25-35 cm dbh, 60-80 years old, and 20-25 m tall (Fig. 3) . Of the 18 animals for which nest tree characteristics were compared with random samples using paired t-tests, only 4 animals selected trees with significantly larger dbh trees, 4 selected taller trees, and 3 selected older trees than the associated random nest trees. However, an inherent problem with the paired ttests (by animal) was that the magnitude of 1 comparison may have a strong effect on the other comparisons in the set if there is high variation among values. In the case in which an animal chose a very small nest tree, the large difference between that tree and random nest trees would overwhelm paired t differences for the animal's other trees, even if those nest trees were larger than associated random nest trees. Therefore, we examined proportions of nest trees that were larger, older, or taller to weight each nesting choice equally. When analyzed relative to frequency of selecting those attributes, a significant proportion of nest trees used by flying squirrels were larger in dbh, age, and height than the average of the associated random samples for each tree (Table 1) . Canopy closure was greater at nest trees when recorded with a densiometer (77.4% Ϯ 1.8%; range, 24.2-98.7%) than when measured with a Moosehorn coverscope (72.2% Ϯ 2.4%; range, 27.5-100%; t ϭ 2.74, d.f. ϭ 81, P ϭ 0.007). Canopy closure at nest sites did not differ from that at random sites.
The wildlife tree classification indicated that 91.5% of nest trees had intact crowns, 85.4% of trees had minimal (Ͻ5%) bark missing, and 70.7% of trees had relatively sound wood with limited or essentially no decay present, as determined from core samples taken at a height of 1.3 m. Abundance of arboreal lichens (Bryoria, Alectoria sarmentosa) on nest trees was low to moderate (Յ50 g of lichens/4.5 m of tree bole) for 92.7% of selected trees and was similar within nest-tree habitat plots and at random sites. Wildlife habitat value, as defined by Guy and Manning (1994) , was high for 6.1% of nest trees, medium for 87.8% of nest trees, and low for 6.1% of nest trees.
Species composition of nest trees (Table  2 ) differed from the randomly sampled trees at the Smithers site (Pearson 2 ϭ 12.741, d.f. ϭ 2, P Ͻ 0.002) but not at the Houston site (Pearson 2 ϭ 1.869, d.f. ϭ 1, P ϭ 0.172). Only 3 nest trees were snags (1 hybrid white spruce, 1 lodgepole pine, 1 aspen), and only 14 had visible nests (11 witches' brooms and 2 drays on hybrid white spruce, 1 cavity in a lodgepole pine). Those nests were at an average height of 11.5 Ϯ 1.1 m. All other nesting sites were presumed to be in cavities or nest structures that were not visible from the ground.
Habitat characteristics in plots surrounding nest trees also were variable (Table 3) . When compared with associated random plots using paired t-tests, only 1 animal used nest trees with significantly greater surrounding tree density, 1 animal used nest trees with significantly greater surrounding density of snags, and another had a lower density of snags surrounding its nest trees. Two flying squirrels used nest trees with fewer large fallen trees (Ͼ7.5 cm dbh) surrounding them, whereas 1 animal had fewer small fallen trees in the surrounding plots than in associated random samples. Average proportion of plots in which tree density surrounding nests were greater than that of associated random plots did not differ from the null hypothesis nor did average proportion of plots that had lower densities than those found in associated random plots. The number of witches' brooms per 353-m 2 plot surrounding nest trees ranged from 0 to 11. Dominant overstory species generally were hybrid white spruce or lodgepole pine, with subalpine fir or hybrid white spruce as the dominant regenerating midstory species. Dominant understory species included black huckleberry (Vaccinium membranaceum), thimbleberry (Rubus parviflorus), purple peavine (Lathyrus nevadensis), and red-stemmed feathermoss (Pleurozium schreberi), which are some of the common indicator species in the biogeoclimatic ecosystem classification. Understory cover of herbs and nonwoody shrubs was high (Ͼ50% cover) for the majority (65.9%) of nest tree plots.
Ecosystem types around nest trees did not differ significantly from random locations at either study site (Table 4 ). The biogeoclimatic ecosystem classification of nest trees was the same as the associated random samples 64% of the time. Mesic and mesicwet types were most common, with 11 of 18 animals using Ͼ1 type of ecosystem. Ecosystem types, as determined from the ecosystem mapping of the Smithers Community Forest, did not always match on-site determinations (19 of 52 comparisons), but they did not differ significantly ( 2 ϭ 6.356, d.f. ϭ 3, P ϭ 0.096; Table 4 ). Map polygons usually were classified as the next most closely related ecosystem type when there was a discrepancy (16 of 19 comparisons). Distribution of nest trees at the Smithers site by seral stage of the stands (also determined from the ecosystem maps) was 1.9% in shrub-herb stands, 38.5% in pole-sapling stands, 53.8% in young-mature stands, and 5.8% in old-growth stands. However, 45% of the nest locations in polesapling and 7.1% of the locations in youngmature seral stages occurred in 4 polygons that also contained mature trees remaining in the stand after disturbance. Pole-sapling and young-mature stands were the most common stand types in the area, and only a few pockets of old-growth stands were available to animals (Cotton 1999) . At the Smithers site, 8 of the 12 animals used nest trees in 2 types of seral stages as determined from the ecosystem maps; the rest of the animals used only 1 type.
DISCUSSION
Core nest areas.-Northern flying squirrels occupied core nest areas that were variable in size and used a variable number of nest trees. We defined core nest areas for flying squirrels instead of home ranges because our data reflect only nest sites and may not incorporate all foraging areas. Nighttime telemetry efforts to delineate foraging areas were not successful (Cotton 1999) . Thus, our values of core nest area may be smaller than those reported in studies of traditional home ranges. Home ranges were similar in Oregon (Martin and Anthony 1999; Witt 1992) and West Virginia (Urban 1988) , although sample sizes were low in most areas (Table 5) . Unfortunately, effects of small sample size and different sampling techniques limit direct comparisons of home-range size among geographic areas and forest types. We observed that sizes of core nest areas used by males were more variable than those of females. Males that occupy larger territories may have greater access to females than do males with smaller areas (Gerrow 1996; Martin and Anthony 1999) . Males also showed a larger average maximum distance between nest trees than did females. Other studies support a difference in home-range sizes between males and females for northern flying squirrels (Gerrow 1996; Martin and Anthony 1999) and for closely related southern flying squirrels (Bendel and Gates 1987) .
Use of multiple nests by northern flying squirrels has been suggested to be an adaptive response to variable food abundance (Carey et al. 1997) . For example, in early winter, animals likely forage on widely dispersed mushrooms, whereas in late winter, they may rely on more readily available food sources, such as arboreal lichens or cached fungi. It is not known if flying squirrels cache fungi, but Mowrey and Zasada (1984) frequently observed flying squirrels stealing cached fungi from middens of red squirrels. Molds were found in diet samples from gastrointestinal tracts in winter and in fecal pellets in spring and summer from northern flying squirrels of the boreal mixed-wood forests of Alberta, suggesting that the food had been cached prior to consumption (R. S. Currah, pers. comm.). Average number of nests (5.6) used by animals in our study was similar to that reported in coastal forests of western Oregon (X ϭ 6.1- Carey et al. 1997 ), but less than noted in interior forests of Alaska (X Ͼ 8- Mowrey and Zasada 1984) . Average distance moved between consecutive daily locations (163 m) was larger in our study than in central Oregon (71 m-Martin and Anthony 1999) but was similar to the distance between consecutive nest trees reported for coastal forests of Oregon (Carey et al. 1997 ).
Spatial and temporal use of nest trees did not follow a consistent seasonal pattern, leading to use of more nest trees than might be expected if food became very patchily distributed in winter or use of fewer nest trees as energetic demands increased with winter severity. Instead, animals had individual strategies. Some used many of their nest trees throughout winter; others were extremely faithful to only 1 or 2 nests (Fig.  2) . We observed both strategies in both field seasons. Those strategies may be influenced by social factors that we were unable to measure, such as competition for nest sites by conspecifics and other species (e.g., red squirrels) and occurrence of aggregations with other flying squirrels. We observed overlap of core nest areas during aggregation and also when nest trees were used by Ͼ1 animal without aggregation. Overlap of core nest areas suggests overlap of home ranges. This overlap is not unusual given the diversity of tree characteristics and ecosystem types in the area and the social nature of the animals, as seen by aggregating behavior (Carey et al. 1997; Mowrey and Zasada 1984) . Gerrow (1996) reported that males and females often foraged together in New Brunswick, Canada; females showed very little overlap of home ranges, whereas home ranges of males often overlapped and encompassed large parts of smaller female home ranges.
Habitat characteristics.-Northern flying squirrels showed considerable flexibility in the characteristics of the nest trees that they selected. Size (dbh and height) and age of nest trees were extremely variable, ranging from 50% to 150% of mean values. None of the animals in our study nested only in the largest nest trees; rather, animals used 3-10 different and highly variable trees. Animals did not have access to high numbers of large, old trees in the study area; in comparison to trees that were randomly available in the locale of nest trees, however, animals selected a significant proportion of trees that were larger, older, and taller. Martin (1994) , Gerrow (1996), and Ca-rey et al. (1997) also showed that flying squirrels selected larger nest trees when available. Our data provide further evidence that flying squirrels are not limited to oldgrowth habitats, but within younger stands, they select the largest trees available.
Mean values of characteristics of nest trees determined in our study are comparable to findings in interior Alaska (Mowrey and Zasada 1984) , central British Columbia (Peterson and Gauthier 1985) , Alberta (McDonald 1995) , and 2nd-growth forests of central Oregon (Martin 1994; Table 6 ). Researchers in western Oregon reported larger nest trees (Carey et al. 1997; Witt 1992) . Given the combination of tree species and coastal climate, forests of western Oregon typically are characterized by larger trees than are interior forests. The larger trees used by flying squirrels likely reflect this increased availability of large trees. In contrast, nest trees used by flying squirrels in New Brunswick were shorter than those in other studies. In all studies, however, a wide range of dbh and height was reported for nest trees. Given this variation, it appears likely that northern flying squirrels select for trees with suitable nest sites rather than for tree size, but suitable nest sites are more likely to occur in larger, older trees, which are more prone to internal decay (Lewis and Lindgren 1999) .
Canopy closure around nest trees was variable. We used 2 methods to measure canopy closure because of recent studies indicating that spherical densiometers are biased towards overestimating cover (Bunnell and Vales 1990; Cook et al. 1995) . Our results support those findings. The Moosehorn coverscope had a limited, more variable projection of overstory cover, whereas we observed smaller standard deviations and consistently larger readings at each nest tree using the spherical densiometer.
The high percentage (96.5%) of live trees used as nest trees differed from the common view of a ''wildlife tree'' as a decaying snag. The low percentage of nest trees classified as having high wildlife habitat value (6.1%) occurred because the majority of nest trees were live trees that were of smaller diameter (Ͻ50 cm) and height (Ͻ20 m) than the highest rated class (Guy and Manning 1994) . The appropriateness of the variables used in this classification system for determining habitat value for northern flying squirrels seems questionable. Abundance of lichens on nest trees was not different from that in random samples, but arboreal lichens (Bryoria) were present at every nest site and throughout the stand. Hence, nest-site selection by flying squirrels in our study probably was not limited by availability of arboreal lichens, which are consumed and also used as nesting materials (Hayward and Rosentreter 1994; Maser et al. 1985) .
The most common species of trees used for nesting by northern flying squirrels in northwestern British Columbia were hybrid white spruce and lodgepole pine. The main difference in species composition at the Smithers site between nest trees and random samples was the low use of subalpine fir. Subalpine fir tends to decay faster than other conifers in the area, making it a likely species for natural and excavated cavities. Species composition and accompanying seral stages within the study area, however, have been determined largely by the fire disturbance ecology. Spruce and pine are the dominant overstory species, with subalpine fir naturally regenerating as the dominant midstory species. Much of the subalpine fir in the area is not as old or large as the spruce and pine. Consequently, subalpine fir could become more important as a nest-tree species as the stands mature.
Use of snags as nest trees was relatively low (3.5%) in our study, similar to findings in Oregon (Carey et al. 1997; Martin 1994) . It has been suggested that live trees may be more suitable as nest sites for cavity nesters because overhead branches provide protection from weather, increased cover, and structural complexity for predator avoidance and escape and because of the longer persistence of live trees as compared with snags (Carey et al. 1997) . In contrast, McDonald (1995) reported that 59% of the nest trees used by flying squirrels in the mixed-wood forests of Alberta were snags. Gerrow (1996) also found that when cavities were used in New Brunswick, trees were often snags, but nest use was linked closely to availability; cavities were used where abundant and witches' brooms were inhabited where they were readily available. The low use of snags and brooms as nest sites (13.4%) in our study likely reflects the relatively young age of the stands. Mowrey and Zasada (1984) found northern flying squirrels primarily in witches' brooms in Alaska and stressed the importance of brooms for aggregations of animals. In our study, brooms were used in only 2 of the 9 nest trees in which we observed aggregations of radiocollared animals (Cotton 1999) . It is unknown if animals in other brooms were nesting with flying squirrels that were not radiocollared. We elected not to climb nest trees to investigate because Carey et al. (1997) reported that during 10 of 12 climbs to determine nest type, flying squirrels subsequently left the tree and did not return. Nest trees used by flying squirrels were located in areas with a high degree of tree regeneration (Ͼ1,000 saplings/ha- Table 3 ) and numerous fallen trees that provided substantial amounts of coarse woody debris. Flying squirrels, however, did not appear to select particular habitat characteristics at nest sites that differed from random sites. Most other researchers have reported similar results (Gerrow 1996; Martin 1994; Payne et al. 1989; Rosenberg 1990; Urban 1988) , although presence of large snags (Ͼ50 cm dbh) in coastal Oregon was important, and flying squirrels in central Oregon avoided areas with high densities of small snags (Carey et al. 1997; Martin 1994) . In southwestern Oregon, habitats used by flying squirrels had a high degree of decadence (including snags and logs) and complex canopies (Carey et al. 1999) . We suggest that the wide range in habitat attributes observed in our study is further evidence of the flexibility of these animals and an indication of structural diversity within the stand.
Nest trees tended to be in mesic and mesic-wet areas. Those sites were rich in soil moisture and nutrients and exhibited high species diversity and structural complexity in shrub and herb layers. Such sites likely produce more mushrooms, a key component in the diet of flying squirrels (Waters and Zabel 1995) . Distance between nest sites and random sites in our study may not have been great enough to reflect true availability of all ecosystem types at the landscape level. Large polygons, however, often contain pockets of other ecosystem types. We are confident that we could detect presence of these pockets and did not observe flying squirrels selecting 1 particular type of ecosystem. Most nest-tree locations (Ͼ92%) were in pole-sapling or youngmature seral stages, but 21% of the nest trees at the Smithers site were located in 4 younger stands that were classified as having mature trees present and 35% of nest trees were in stands adjacent to old-growth stands or younger stands with mature trees (Cotton 1999) . This further supports the conclusion that, although flexible in their nest-site selection, flying squirrels seek out areas with larger trees. Ecosystem maps closely approximated actual ecosystem types at the Smithers site.
Northern flying squirrels exhibited a remarkable flexibility in nest-tree selection. Use of many relatively small trees for nest trees suggests that nests may exist in more situations than previously reported and suitable nest trees are not readily obvious based solely on size and condition of the tree. Although flying squirrels in our study did not appear to select particular habitat features relative to nest-site location, retaining large trees and structural diversity is likely important for the persistence of this species. That diversity may be more important than any particular attribute of the stand and should be the focus of further investigation because structural features such as large-diameter trees, snags, live cavity trees, and witches' brooms tend to be reduced in managed forests. Large, old trees, both live and dead, provide potential nesting structures, and coarse woody debris on the ground provides a substrate for forage production, including mushrooms. Structural diversity also may be important for movements of animals within the stand and for cover from predators (Harmon et al. 1986 ).
Current practices of patch retention in commercial harvesting (typically retaining 5-20% of the forested area of a cut block) may provide habitat for forest specialists by maintaining structural diversity within stands (Coates and Steventon 1995) . Postharvest patches, however, may not be large enough to be used by flying squirrels until the surrounding 2nd-growth stand has reached a suitable age for travel and foraging. Flying squirrels are highly arboreal and are not likely to cross large openings that would require travel on the ground (Mowrey and Zasada 1984) . Flying squirrels that recolonize remnant patches after surrounding stands have regenerated could potentially assist in the rebuilding of the mycorrhizal community in the cut area by dispersing fungal spores and transporting lichen fragments to the younger stand (Fogel and Trappe 1978) . Sufficient mature forest, however, must remain in the landscape to sustain populations and provide for dispersal of flying squirrels.
